Postheparin plasma lipolytic activity consists of hepatic triglyceride lipase (H-TGL) and lipoprotein lipase (LPL) activities. The effect of chlorinated pesticides, pentachlorophenol (PCP) and 1,1,1-trichloro-2,2-bis-(4-chlorophenyl)ethane (DDT), on these lipase activities in rat postheparin plasma was examined. PCP completely inactivated H-TGL but did not change LPL activity . On the other hand, DDT completely inactivated LPL but did not change H-TGL activity. By utilizing these specific inhibitions, a procedure for selective measurement of H-TGL and LPL in postheparin plasma of young and old rats, with and without diabetes, was developed. The hydrolysis of plasma lipoprotein is mediated by two different lipases, hepatic triglyceride lipase (H-TGL) and (extrahepatic) lipoprotein lipase (LPL), which are released into the blood stream upon intravenous administration of heparin." Measurement of the two lipase activities appears to be important in determining the possible pathogenesis of lipid disorders2) H-TGL activity is often quite low in patients with uremia,2a) estrogen treatment,2b) or parenchymal liver disease.2c) The activity of LPL is decreased in patients with exogenous familial hypertriglyceridemia.m) Several methods have been described for the selective determination of H-TGL and LPL activities in postheparin plasma.3) Krauss et al. described a method utilizing the inhibition of LPL activity by protamine sulfate or sodium chloride in rat3a) and human3b) postheparin plasma. This method, however, involves incomplete inactivation of LPL and incomplete survival of H-TGL.3a) Baginsky and Brown described a method utilizing the specific inhibition of H-TGL activity by sodium dodecyl sulfate.3c) An immunochemical method based on the use of an antibody for H-TGL") or LPL3e) and a column method based on affinity chromatography on heparin-Sepharosef ) permit specific measurement of H-TGL and LPL in postheparin plasma. However, specific antisera for the immunochemical method are not readily available and the column method is laborious and involves a significant loss of lipase activities during chromatography.3c) This paper shows that the use of pentachlorophenol (PCP) and 1,1,1-trichloro-2,2-bis-(4-chlorophenyl)ethane (DDT) as selective inhibitors of H-TGL and LPL, respectively, in normal and diabetic rat postheparin plasma provides a rapid method that is comparable to the immunochemical method in specificity.
The hydrolysis of plasma lipoprotein is mediated by two different lipases, hepatic triglyceride lipase (H-TGL) and (extrahepatic) lipoprotein lipase (LPL), which are released into the blood stream upon intravenous administration of heparin." Measurement of the two lipase activities appears to be important in determining the possible pathogenesis of lipid disorders2) H-TGL activity is often quite low in patients with uremia,2a) estrogen treatment,2b) or parenchymal liver disease.2c) The activity of LPL is decreased in patients with exogenous familial hypertriglyceridemia.m) Several methods have been described for the selective determination of H-TGL and LPL activities in postheparin plasma.3) Krauss et al. described a method utilizing the inhibition of LPL activity by protamine sulfate or sodium chloride in rat3a) and human3b) postheparin plasma. This method, however, involves incomplete inactivation of LPL and incomplete survival of H-TGL.3a) Baginsky and Brown described a method utilizing the specific inhibition of H-TGL activity by sodium dodecyl sulfate.3c) An immunochemical method based on the use of an antibody for H-TGL") or LPL3e) and a column method based on affinity chromatography on heparin-Sepharosef ) permit specific measurement of H-TGL and LPL in postheparin plasma. However, specific antisera for the immunochemical method are not readily available and the column method is laborious and involves a significant loss of lipase activities during chromatography.3c) This paper shows that the use of pentachlorophenol (PCP) and 1,1,1-trichloro-2,2-bis-(4-chlorophenyl)ethane (DDT) as selective inhibitors of H-TGL and LPL, respectively, in normal and diabetic rat postheparin plasma provides a rapid method that is comparable to the immunochemical method in specificity. Vol. 35 (1987) Materials and Methods
Materials
Male Wistar rats weighing between 150 and 520 g and Japanese albino rabbits weighing ca. 2.5 kg were purchased from Nippon Biosupp. Center Co., Ltd. and fasted for 18 h prior to the experiments. Diabetic rats were prepared by the intravenous administration of 65 mg of streptozotocin (Sigma Chemical Co., Ltd.) per kg body weight by the method of Junod et al.4) Diabetes was determined by the measurement of rat serum glucose with otoluidine.4) Essentially fatty acid-free bovine serum albumin and heparin sodium salt from porcine intestinal mucosa were from Sigma Chemical Co., Ltd. NEFA-test Wako, which is a diagnostic kit for the colorimetric determination of free fatty acid in serum, and chlorinated pesticides, DDT and PCP, were purchased from Wako Pure Chemical Industries Co., Ltd. Heparin-Sepharose CL-6B was purchased from Pharmacia Fine Chemicals Co., Ltd. Intralipid (10% soybean oil emulsion containing 1.2% egg phosphatidylcholine and 2.5% glycerol) was a product from KabiVitrum AB Co., Ltd. All the other materials used were special-grade reagents purchased from Nakarai Chemicals Co., Ltd.
Preparation Preparation of Antibodies to H-TGL and LPL Antibody to H-TGL or LPL was prepared by the method described by Murase et al.5) for rat anti-H-TGL serum. The emulsion (1.5 ml) containing 1-2 mg of partially purified H-TGL or LPL and Freund's complete adjuvant (Difco Co., Ltd.) was injected subcutaneously into rabbits. After two weeks, and then at two-week intervals, the same procedure was repeated with each animal. The titer was checked 10 d after each injection by precipitation of H-TGL or LPL. One unit of partially purified H-TGL was completely inhibited by the addition of 2.7 mg of anti-H-TGL serum, whereas the activity of partially purified LPL was unaffected by the addition of anti-H-TGL serum up to 16.5 mg. One unit of partially purified LPL was completely inhibited by the addition of 4.0 mg of anti-LPL serum, whereas the activity of partially purified H-TGL was unaffected by the addition of anti-LPL serum up to 21 mg. Antisera were lyophilized and stored at -30 °C.
Assay of Lipase Activity Measurement of lipase activities was performed according to the method of Bolzano et al.6) Five milliliters of intralipid was preincubated with 5 ml of rat "preheparin" serum at 37 °C for 30 min. This mixture was incubated with 10 ml of 0.3 M Tris-HC1 buffer (pH 8.0) and 10 ml of 20% bovine serum albumin at 37 °C for 10 min to make an activated substrate. The enzyme reaction was initiated by the addition of 0.2 ml of enzyme solution to 0.5 ml of the activated substrate at 37 °C at pH 8.0. The liberated free fatty acid was colorimetrically measured at 480 nm by using NEFA-test Wako, essentially according to Duncombe.7 Time courses were completely linear under the experimental conditions. The units of enzyme activity refer to micromols of free fatty acid liberated per h under the above experimental condition.
Selective Measurement with Pesticide One-hundredth milliliter of 0.8 mm pesticide acetone solution was added to a mixture of rat postheparin plasma (0.4 ml) and 0.15 M Tris-HC1 buffer (0.4 ml, pH 8.0). After preincubation at 37 °C for 1 h, the mixture was centrifuged and the supernatant was assayed for lipase activity. A control experiment was carried out in exactly the same way except that acetone was used instead of pesticide acetone solution. The addition of acetone did not affect the enzyme activity within the limit of experimental error.
Selective Measurement with Antibody An antiserum for H-TGL (4.0 mg protein, 0.2 ml) or LPL (6.0 mg protein, 0.2 ml) was added to a mixture of rat postheparin plasma (0.4 ml) and 0.3 M Tris-HC1 buffer (0.2 ml, pH 8.0). After incubation at 4 °C for 1 h, the mixture was centrifuged and the supernatant was assayed for lipase activity. A control experiment was carried out in exactly the same way except that the normal serum was used instead of the antiserum.
Results
Effect of Anti-H-TGL or Anti-LPL Serum on Lipase Activity Subcutaneous injection of partially purified H-TGL or LPL protein into rabbits resulted in the production of antiserum against H-TGL or LPL as described in Materials and Methods. The specificity of antisera against H-TGL and LPL in postheparin plasma was examined according to the method described by Baginsky and Brown' for an antisera- 
Effect of Pesticides on the Lipase Activities
The effect of the concentration of PCP or DDT on the activities of partially purified H-TGL and LPL from rat postheparin plasma was examined, with various times of preincubation of H-TGL or LPL with pesticide.
As shown in Fig. 2a , the activity of H-TGL decreased with increasing concentration of PCP and the degree of decline of activity was found to be dependent on the time of preincubation with PCP. The concentrations of PCP required for complete inhibition were 0.6 pm when preincubated for 60 min, 0.9µM for 30 min and 5 pm for 10 min. The result of preincubation for 120 min was essentially the same as that of preincubation for 60 min (data not shown). In contrast with H-TGL activity, LPL activity was not changed by the preincubation with PCP for 60 min. No effect of PCP on LPL activity was observed on prolonged preincubation even for 180 min (data not shown).
As shown in Fig. 2b , the activity of LPL decreased with increasing concentration of DDT. The inhibition was dependent on the time of preincubation with DDT. The concentrations of DDT required for complete inhibition were 0.4 pm when preincubated for 60 min and 5 pm for 30 min. The result of preincubation for 120 min was essentially the same as that of preincubation for 60 min (data not shown). Preincubation for 10 min, however, did not cause complete inhibition. On the other hand, H-TGL activity was not changed by prolonged preincubation with 10 ,um DDT even for 180 min (data not shown).
The specificity of PCP or DDT against H-TGL and LPL activities in postheparin plasma (a) Postheparin plasma (0.4 ml) was preincubated with anti-LPL (6.0 mg) to remove LPL, activity. The preincubated mixture was centrifuged and the supernatant, in which only H-TGL activity remained, was preincubated with various amounts of anti-H-TGL. After centrifugation, the remaining activity in the supernatant was measured .
(b) Postheparin plasma (0.4 ml) was preincubated with anti-H-TGL (4.0 mg) to remove H-TGL activity. The preincubated mixture was centrifuged and the supernatant , in which only LPL activity remained, was preincubated with various amounts of anti-LPL. After centrifugation, the remaining activity in the supernatant was measured. From these results, it was concluded that preincubation with 10 pm PCP or DDT for 60 min is satisfactory for selective activity measurement.
Correlation of Lipase Activities Found by the Present Method and the Immunochemical Method
H-TGL and LPL activities in postheparin plasma of normal and diabetic rats were measured both by the present selective inhibition method and by the immunochemical method.
As shown in Table I , the H-TGL activity determined by the immunochemical method using anti-H-TGL serum and the activity determined by the present method using PCP were in good agreement for each rat. As shown in Fig. 4a , a good correlation was observed (correlation coefficient, 0.998; slope, 0.987). The H-TGL activity of diabetic rats was quite low, in agreement with the report by Nakai et al. 8) As also shown in Table 1 , the LPL activity determined by the immunochemical method using anti-LPL serum and the activity determined by the present method using DDT were in good agreement for each rat. As shown in Fig. 4b , a good correlation was observed (correlation coefficient, 0.933; slope, 0.966).
Discussion
We had found that lipase activities from various mammalian liver acetone-ether powders were completely resistant to DDT but were strongly inhibited by PCP, in contrast to lipoprotein lipase activities from Pseudomonas and Alcaligenes that were completely inhibited by DDT but were unaffected by PCP (unpublished data). These results suggested the possibility of selective measurement of H-TGL and LPL in postheparin plasma by using PCP or DDT as a selective inhibitor, although the LPL preparations used were not mammalian enzymes. In the present study, the selective measurement of H-TGL and LPL by using pesticide was found to be successful with rat postheparin plasma. H-TGL activity from rat postheparin plasma was completely inhibited by PCP but was unaffected by DDT. LPL activity was completely inhibited by DDT but not by PCP.
The values of H-TGL and LPL activity in rat postheparin plasma obtained by using PCP or DDT were in good agreement with those obtained by the immunochemical method. The method described herein should allow the rapid determination of H-TGL or LPL activity in postheparin plasma of mammals other than the rat.
The enzyme activity was not recovered from an incubated mixture of H-TGL and PCP by gel filtration and dialysis, suggesting very tight or irreversible binding of the pesticide to lipase. The results of a kinetic study were not sufficient to determine the mode of inhibition with intralipid as a substrate. In a separate experiment using a triolein emulsion as a substrate, Lineweaver-Burk plots (1/v-1/s plots) of the inhibition of H-TGL by PCP suggested noncompetitive inhibition. A competitive inhibitor that binds irreversibly or very tightly to the enzyme would also give Lineweaver-Burk plots indicating apparent non-competitive in hibition, however.
Tsujita et al.9) reported the isolation of electrophoretically homogeneous H-TGL from rat postheparin plasma, and found the molecular weight of the lipase to be 65000. 
